Background: Elderly patients undergoing open pancreatoduodenectomy (OPD) are at increased risk
Introduction
Pancreatoduodenectomy (PD) has been performed for almost a century and minimally invasive approaches to this procedure have been introduced since the mid-1990s. [1] [2] [3] [4] Although improvements in overall morbidity and mortality have been observed over time, elderly patients represent one patient group that remains vulnerable to the risks associated with this procedure. 5, 6 A prior review at the present authors' institution suggested PD could be safely performed in well-selected patients of >70 years of age with acceptable perioperative outcomes. 7 Subsequent studies have demonstrated increased postoperative mortality, intensive care unit (ICU) admission and cardiorespiratory morbidity in elderly compared with nonelderly patients. 8, 9 Despite these findings, PD may be safely performed in octogenarians with malignant diagnoses and offers a survival benefit to these patients. 10 Studies evaluating strategies to improve perioperative outcomes in elderly patients undergoing PD are lacking. Minimally invasive approaches to pancreatectomy have demonstrated decreases in postoperative pain, hospital length of stay (LoS) and surgical morbidity. 11, 12 Totally laparoscopic Major venous resection during TLPD has also been reported to have short-term outcomes comparable with those of OPD. 16 Importantly, retrospective comparative studies now demonstrate that oncologic outcomes of TLPD are comparable with those of OPD. 13, 17 Robotic PD has demonstrated perioperative outcomes in elderly patients of >70 years of age equivalent to those in the non-elderly population. 18 However, the effects of TLPD on perioperative morbidity and mortality, specifically in elderly patients, in comparison with OPD have not been evaluated. Thus, the objectives of the present study were: (i) to compare postoperative outcomes in elderly (≥70 years) and non-elderly patients undergoing PD, and (ii) to determine if TLPD will mitigate increased postoperative morbidity in elderly patients compared with OPD. The study hypothesis assumed that TLPD might mitigate risks associated with OPD in elderly patients.
Materials and methods

Data sources
A single-institution, retrospective review of a prospectively maintained pancreatic surgery database was conducted. Details regarding patient demographics, comorbidities, clinical presentation, operative details, pathology reports, biochemical data, postoperative outcomes and surgical follow-up were extracted by chart review of medical records. The study protocol was approved by the Institutional Review Board of the Mayo Clinic (Rochester, MN, USA).
Study subjects
Consecutive patients submitted to PD between June 2007 (when TLPD was introduced at this institution) and June 2014 were evaluated. The study institution states a preference for pylorus preservation, two-layer duct-to-mucosa pancreaticojejunostomy, single-layer end-to-side hepaticojejunostomy, and double-layer duodenojejunostomy in both TLPD and OPD. The techniques of TLPD with and without vein resection have been previously described. 14, 19 Decisions on the placement of operative drains and feeding jejunostomy tubes are made at the time of operation and are based on the surgeon's judgement and preferences. The study protocol permitted the inclusion of patients undergoing elective PD for any indication with or without concomitant procedures such as diagnostic laparoscopy, biopsy, lysis of adhesions, resection of an adjacent organ and/or resection of other intra-abdominal organ(s). Exclusion criteria denied the inclusion of patients in whom PD was performed emergently and patients without explicit institutional research authorization. Elderly patients were defined as patients aged ≥70 years. This age cut-off was consistent with a prior review of outcomes conducted at the study institution 7 and other comparative studies evaluating outcomes in elderly patients undergoing minimally invasive PD, 18 and provided a distribution of patients that allowed for meaningful statistical analyses. In the first analysis, the entire cohort was evaluated and perioperative outcomes were compared among elderly and non-elderly patients. In the second analysis, outcomes of OPD were compared with those of TLPD in the elderly patient subgroup. Evaluation was based on the two study objectives.
Outcomes
Outcomes of interest were postoperative mortality, postoperative morbidity and hospital resource utilization. Mortality was defined as any in-hospital death or death within 30 days of the time of surgery. Surgical morbidity was captured for 30 days from the date of operation based upon in-hospital occurrences, readmissions and routine follow-up information. Cardiac events were captured and defined as any myocardial infarction, cardiac arrest, unstable arrhythmias requiring intervention and transfer to a monitored unit, or congestive heart failure. Respiratory events were defined as any respiratory failure, prolonged ventilator support for >48 h or pneumonia. Surgical site infections were defined as any superficial, deep or organ space infection with or without associated wound and/or fascial dehiscence.
Complications were graded on severity according to the Clavien-Dindo classification. Major morbidity was defined as a complication of Clavien-Dindo Grade IIIb or higher. 20 Pancreas-specific outcomes such as postoperative pancreatic fistula (POPF), post-pancreatectomy haemorrhage (PPH) and delayed gastric emptying (DGE) were classified based on International Study Group of Pancreatic Surgery definitions. [21] [22] [23] Outcomes related to hospital resource utilization were defined by admission to ICUs, reoperations, readmissions, hospital LoS, receipt of blood transfusion(s), and discharge disposition other than home, such as another hospital, rehabilitation centre or skilled nursing facility. Reoperations and readmissions were captured for up to 30 days. Reoperations and readmissions outside the study institution were confirmed through outside institutional charts that were also reviewed to capture additional morbidity related to these occurrences. Any unplanned admissions to the ICU on either the index hospital admission or readmission were also captured. Postoperative blood transfusion was defined as any receipt of packed red blood cells (PRBC) during the course of hospitalization. Length of stay was the duration of hospitalization from the date of surgery until the time of index discharge.
Statistical analysis
Univariate tests of association were conducted to identify statistically significant differences between elderly and nonelderly patients in the cohort analysis, as well as between patients undergoing OPD and TLPD, respectively, in the elderly patient subgroup. Data were analysed using t-tests for continuous variables and chi-squared or Fisher's exact tests for categorical variables. Statistical significance was defined at the 0.05 level. Intention-to-treat and as-treated analyses for univariate outcomes were conducted for the subgroup analysis comparing OPD with TLPD. No differences in the results were noted and hence the as-treated analysis is presented. Based upon these univariate analyses, multivariable logistic regression models were constructed to risk-adjust outcomes and evaluate for goodness of fit. All analyses were performed using SAS Version 9.3 (SAS Institute, Inc., Cary, NC, USA).
Results
Descriptive statistics
The entire cohort consisted of 860 patients who met the study inclusion and exclusion criteria for evaluation. These included 522 (60.7%) non-elderly patients and 338 (39.3%) elderly patients. Among the elderly subgroup, 113 (33.4%) patients underwent TLPD and 225 (66.6%) underwent OPD. The age range of the entire cohort was 26.7-91.2 years. The mean AE standard deviation postoperative follow-up time to data acquisition in the entire cohort was 48.6 AE 43.8 days from the day of surgery; the median length of follow-up was 39 days. Basic demographics for the entire cohort and the elderly subgroup are summarized in Tables 1 and 2 , respectively. A comparison of baseline characteristics in the elderly and non-elderly patient subgroups showed differences in age (by definition) and body mass index (BMI). Elderly patients had a lower BMI than non-elderly patients. Differences in comorbidities were noted: elderly patients showed decreased rates of obesity, alcohol use and tobacco use, and increased rates of coronary artery disease, chronic obstructive pulmonary disease, hypertension, liver disease and vascular disease. Elderly patients also had higher American Society of Anesthesiologists (ASA) class scores, shorter operative times, and a decreased likelihood of receiving neoadjuvant therapy. Clinical presentations also differed. Elderly patients were more likely to have a history of pancreatitis or preoperative anaemia. A cut-off haemoglobin level of 10.5 g/dl represented the 25th percentile for this cohort and was used as an indicator variable for preoperative anaemia for the purposes of multivariate analysis.
Evaluations of the subgroups of elderly patients submitted to OPD and TLPD, respectively, showed minimal differences in baseline comorbidities. There were differences in gender in that female patients represented a greater proportion of the TLPD subgroup but not the OPD subgroup. There were also differences in current alcohol use, which was lower in the TLPD group than in the OPD group. In the multivariate analysis, attempts to risk-adjust for alcohol use were compromised by the number of unavailable data for this variable. Notably, there were differences in indications for PD, whereby malignant diagnoses were more common in the OPD group. Differences in indications for PD were also reflected in differences in clinical presentation in that the likelihood of a history of pancreatitis was greater in TLPD patients and the likelihood of a history of jaundice was lower in TLPD patients than in OPD patients. Fewer operative drains were placed in patients in the TLPD subgroup compared with those in the OPD subgroup, based on surgeon practice preference. Estimated blood loss was also lower in the TLPD subgroup than in the OPD subgroup. There were no differences in venous resection, pylorus preservation or operative time between the TLPD and OPD subgroups.
Entire cohort: elderly versus non-elderly patients Univariate and multivariate analyses for the entire cohort comparing outcomes in elderly and non-elderly patients, respectively, are summarized in Table 3 . There were no differences between elderly and non-elderly patients in terms of postoperative 30-day or in-hospital mortality, unplanned ICU admission, reoperation requiring a general anaesthetic, readmission, surgical site infection (superficial or deep with or without wound or fascial dehiscence), POPF (Grades B and C) or PPH (Grades B and C). On univariate analysis, elderly patients had a 59% increased odds of major morbidity (Clavien-Dindo Grade IIIb complication and higher; P = 0.036), 84% increased odds of DGE (Grades B and C; P < 0.001), 71% increased odds of a respiratory complication (failure, prolonged ventilator support or pneumonia; P = 0.014), 55% increased odds of blood transfusion (receipt of any PRBC during the course of hospitalization; P = 0.003), more than three-fold increased odds of cardiac complications (myocardial infarction, arrest, failure or unstable arrhythmia; P < 0.001), and almost nine-fold increased odds of a discharge disposition other than home (skilled nursing facility, other hospital or rehabilitation centre; P < 0.001) than non-elderly patients. The association between elderly age and these outcomes was confirmed on multivariate analyses controlling for gender, obesity, current smoker status, coronary artery disease, chronic obstructive pulmonary disease, hypertension, liver disease, vascular disease, history of pancreatitis, operative time, preoperative anaemia, ASA class and neoadjuvant therapy. After risk adjustment, elderly age was no longer predictive of postoperative major morbidity (P = 0.677). With respect to hospital resource utilization, the median number of units of PRBC transfused was greater in elderly than in non-elderly patients (1 unit versus 0 units; P < 0.001). Median LoS was also greater in elderly than in non-elderly patients (9 days versus 8 days; P < 0.001).
Elderly subgroup: OPD versus TLPD Univariate and multivariate analyses for the elderly subgroup comparing outcomes between OPD and TLPD are summarized in Table 4 . There were no differences between OPD and TLPD in terms of postoperative 30-day or in-hospital mortality, major morbidity, unplanned ICU admission, reoperation requiring a general anaesthetic, readmission, surgical site infection, POPF (Grades B and C) or PPH (Grades B and C). On univariate analysis, OPD was associated with 72% increased odds for DGE (Grades B and C) and more than three-fold increased odds for any blood transfusion compared with TLPD. The association between OPD and these outcomes was confirmed on multivariate analyses controlling for gender, history of pancreatitis, history of jaundice, malignant diagnosis and preoperative anaemia. Notably, there were no differences in the odds for cardiorespiratory complications or discharge disposition other than home between OPD and TLPD. With respect to hospital resource utilization, the median number of PRBC units transfused was greater in the OPD subgroup than in the TLPD subgroup (2 units versus 0 units; P < 0.001) (Fig. 1a) . Median LoS was also greater in the OPD subgroup than in the TLPD subgroup (9 days versus 8 days; P < 0.001) (Fig. 1b) .
Discussion
Key findings in this study show, firstly, that elderly patients are at increased risk for cardiac complications (adjusted OR 3.21, P < 0.001), respiratory complications (adjusted OR 1.68, P = 0.041), DGE (adjusted OR 1.73, P = 0.003), receipt of blood transfusion (adjusted OR 1.41, P = 0.048), discharge disposition other than home (adjusted OR 8.14, P < 0.001), and increased hospital LoS (9 days compared with 8 days; P < 0.001). Secondly, the present findings show that TLPD does not mitigate the increased risk for cardiorespiratory complications. The advantages of TLPD over OPD in elderly patients include a decreased likelihood of blood transfusion (adjusted OR 2.89, P < 0.001, OPD versus TLPD), DGE (adjusted OR 1.80, P = 0.032, OPD versus TLPD), and shorter LoS (9 days versus 8 days; P < 0.001, OPD versus TLPD). These results are supported by those of other studies in relation to postoperative morbidity but are discordant in relation to postoperative mortality. 8, 9, 18 A recent meta-analysis pooled seven studies comprising over 5000 patients and demonstrated that elderly patients (defined as those aged 76-80 years) had increased postoperative mortality compared with non-elderly patients undergoing PD. 9 When elderly patients were defined as those aged >80 years, they were found to have increased risk for postoperative complications compared with non-elderly patients. 9 When elderly patients were defined as those aged >75 years, they were found to have increased risk for pulmonary complications compared with non-elderly patients. 9 In another study conducted in patients undergoing pancreatectomy, those aged >75 years had increased rates of mortality, ICU admission, major cardiac events, and discharge to skilled nursing facilities compared with patients aged 16-74 years. 8 The present results confirm prior findings that elderly patients are more likely to have postoperative cardiorespiratory complications. 8, 9 However, they do not demonstrate an increased risk for postoperative mortality in elderly patients. This finding may reflect differences between this and other studies in definitions of 'elderly patients' or may indicate that the present study is underpowered to detect statistically significant differences for such a rare event, given that the overall mortality rate in the study cohort was 1.7%. The current study also did not demonstrate increased risk for ICU admission or major morbidity after risk adjustment. The present authors acknowledge that the inclusion criteria for ICU admission were stringent in that they focused on those patients with unplanned admissions for treatment or invasive monitoring. Admissions to the ICU that had been scheduled preoperatively for postoperative cardiorespiratory monitoring and equivalent monitoring outside the ICU were not categorized as ICU admissions. Major morbidity in this study was defined using the Clavien-Dindo system of classification rather than other modifications or unique classification systems. 8, 9, 13, 24 Only one prior study has evaluated minimally invasive approaches to PD in elderly patients. 18 This single-institution, retrospective review of 41 consecutive patients evaluated only patients undergoing robotic PD. In a comparison of elderly patients (defined as those aged >70 years) and non-elderly patients, Buchs et al. 18 identified no differences in operative time, blood loss, conversion rate, postoperative mortality or overall morbidity between the two groups. The authors concluded that robotic PD could be safely offered to elderly patients and that age should not be a contraindication to this procedure. 18 The present study is distinct from that prior report 18 in that it focused specifically on elderly patients in its comparison of operative approaches in order to determine if TLPD would offer advantages to this higher-risk group. Several limitations of this study warrant discussion. The retrospective nature of the study makes it prone to selection bias. As the elderly subgroup analysis shows, the TLPD subgroup showed greater proportions of female patients, non-alcoholic patients and patients with non-malignant indications for resection than the OPD subgroup. Although there is no intended bias in the selection of patients for TLPD, these variables are known to affect outcomes and therefore risk adjustment was performed to control for these differences. 25 The present authors speculate that these differences may be explained by referral patterns as the choice of operative approach is based on surgeon preference because only one surgeon at the study institution performs TLPD. Additional comparisons based on intention-to-treat analyses (in which patients in whom TLPD was converted to OPD were included in the TLPD group) found no differences in the results. Moreover, there were no significant differences in operative variables such as prevalence of venous resection, operative time and pylorus preservation between the TLPD and OPD subgroups.
In conclusion, the present study suggests that morbidity but not mortality is increased in elderly patients submitted to PD compared with non-elderly patients. The laparoscopic approach may improve selected perioperative outcomes in elderly patients, such as by decreasing requirements for blood transfusion and the incidence of DGE, and may reduce hospital LoS, but it does not lower the risk for cardiorespiratory complications. The indications for PD should not be expanded based on ability to perform the procedure with minimally invasive approaches in the elderly patient population. 
